Abstract: This article used the Lattice Boltzmann Method (LBM)to study the heat transmission of natural convective of nanofluids in a two
Introduction
A porous medium is a multiphase, multifunctional material composed of a solid substance with tiny voids in its skeleton. Such a medium has many outstanding features, such as low density, high porosity, and large specific surface area [1] . Nanofluids have rapidly developed into a new type of heat transfer working medium because of their high heat conductivity coefficient and extensive application prospects in strengthening heat transfer [2] . Studies on the heat transfer mechanism of fluids in porous media generally focus on two aspects: the properties of the porous medium frame and nanofluids. Li et al. [3] built a test bench to study solid-liquid phase changes strengthening heat transfer in metal foam using paraffin as the phase change material and systematically studied the effect of foam porosity and pore density on temperature change; results showed that high porosity can accelerate the speed of interface movement. Agwu's [4] experiment confirmed that adding nanoparticles in solution can enhance the heat transfer characteristics of the liquid and that the increase in the volume fraction of nanoparticles weakens the effect of nanofluid heat exchange to a certain extent. Li et al. [5] analyzed the effect of nanoparticles on the heat transfer characteristics of natural convection in a closed cavity by numerical simulation method. Results showed that adding Cu nanoparticles to aqueous liquid can strengthen the heat transfer characteristics of the natural convection of the base solution; the velocity component of the nanofluids also increases with increasing volume fraction, thereby accelerating the energy transmission in the fluid. Khanafer [6] numerically studied the heat transfer characteristics of Cu-water nanofluids in rectangular vessels and found that the heat transfer characteristics of natural convection can be improved by increasing the volume fraction of the Cu nanofluids.
Complex porous medium structures cause great complexity in analyzing internal flows. The Lattice Boltzmann method (LBM) can accurately obtain the Navier-Stokes( N-S) equations; this equation can solve the real pore geometric structure during treatment of complicated pore geometries without simplifying or modifying the complex pore structure. Thus, LBM has become a very competitive numerical calculation method in studying fluid flows in porous media [7] . Reports on the use of LBM in simulations of the natural convection heat transfer in nanofluids in a cavity partially filled with a porous medium are rare. In this paper, the mixture of Al2O3-water, Al2O3 -ethylene glycol, Cu-water, Cu-ethylene glycol, SiO2-water and SiO2-ethylene glycol are selected as study materials, and the coupling double distribution LBM model proposed by Guo [8] is employed. Heat transfer in the natural convection of different nanofluids in a two-dimensional square cavity partially filled with porous media is simulated. The average Nusselt numbers are obtained, and the effects of different Ra values and volume fractions of nanoparticles on the nanofluids are studied.
Physical model and governing equations

Physical model
In this paper, the physical model is a two-dimensional square cavity of length L that partially filled with vertical porous layer, as shown in Fig.1 The initial conditions and boundary conditions are as follows:
Calculation of properties of nanofluids
The volume fraction of Al2O3-water and Al2O3-ethylene glycol,Cu-water and Cu-ethylene glycol, SiO2-water and SiO2-ethylene glycol nanofluids this paper chose were 0.5%、1%、1.5%、2%、3% and 4%.
The destiny of nanofluids is expressed as [9] p f nf
Where  is the volume fraction of nanofluids, f  is the destiny of base fluids, p  is the destiny of nanoparticle.
The capacity of nanofluids is expressed as [9] 
Where f Cp and p Cp are the capacities of base fluids and nanoparticle.
The viscosity of nanofluids is expressed as [10] ) 9 . 533 11 . 39 1 (
Where f  is the viscosity of base fluids.
The coefficient of thermal conductivity of nanofluids is expressed as [10] 
Where p k and f k are the thermal conductivity of nanoparticle and base fluids.
The thermal diffusion coefficient of of nanofluids is expressed as [10]  
Governing equations
In this paper we studied the heat transmission of unsteady natural convective of nanofluids in a twodimensional square cavity partially filled with porous medium, so we assume that the configuration of porous media in the cavity is homogeneous, rigid and isotropic. We also assume that the nanofluids are considered as two different homogeneous components of single-phase medium mixed and the fluid is incompressible and viscous fluid flow can be described by Brinkman-Forchheimer model and it meet the Boussinesq hypothesis [11] . This hypothesis consists of three parts: 1. The viscous heat dissipation in the flow is negligible; 2. Other parameters except density is constant; 3 For density, the density of the rest items is constant, considering only the volume dependent force in the momentum equation. At this point, the flow continuity equation and Brinkman-Forchheimer equation can be written as the following form:
Where  is the porosity of porous media;  is the density of fluid; u and p is the average speed of fluid volume and pressure, respectively; e  is the effective kinematic viscosity coefficient; F is the total body force due to the presence of porous media and other external force fields, which can be written as the following form:
On the right side of the equation (8), the first item is the frictional resistance of fluid and porous media skeleton, the second one is the inertia due to the presence of porous medium. is the kinematic viscosity of the fluid; K and  F represent permeability and geometric function, respectively; G is the volume force caused by external forces. If G is caused only by gravity, the influence of gravity can be expressed as equation (9) under the Boussinesq hypothesis:
Where g is the gravitational acceleration;  is the thermal expansion coefficient; m T is the average temperature of the system; The geometric function F  and the permeability K have relationship with the porosity  , respectively. For the porous media that is made of solid particles, F  and K can be expressed based on Ergun's [9] empirical formula as:
Where p d is the diameter of the solid particles.In equation (7), the generalized Navier-Stokes equation (7) will be degraded to the standard Navier-Stokes equation when the porosity 1   , namely, in the absence of the porous media.
The heat transfer problem always involves in fluid flow in actual applications. If we ignore the compression work and viscous heat dissipation, it can meet local thermodynamic equilibrium condition between the fluid and solid, and then the energy equation of convection heat transfer in the porous media can be expressed as:
Where T is the average volume temperature of fluid; The formula   T T T    is the temperature difference between the hot and cold side walls.
Lattice Boltzmann Model and Boundary condition
Nanofluids double distribution of lattice Boltzmann model
For the natural convection heat transfer problem of nanofluids in partial filled with porous media cavity in this paper,we use the double distribution function model to study the fluid flow field and temperature field. Meanwhile, the D2Q9 model is employed and the lattice Boltzmann evolution equations [11] can be expressed as follows: 
Where lattice speed 
In Eq. (12), the forcing term can be given by:
The corresponding effective viscosity and the effective thermal conductivity in macro equation are given by:
The macroscopic quantities, fluid density and internal energy are defined as:
The speed of the fluid is calculated by using a temporary speed, which can be written as:
Where parameters 0 c , 1 c and  are given by:
Both the equilibrium distribution of lattice Boltzmann model and the forcing term contain porosity. When the porosity is equal to one, they can become the standard form. Therefore, in this model, not only the effect of porous media but also the feature of free flow of fluid are considered. Both strictly obey the momentum transfer in different regions. The interface between porous medium and free fluid can automatically satisfy the continuity conditions, which avoids the problem of interface slip.
Boundary processing and criterion
After choosing the governing equation, we need to determine the distribution function on the boundary node according to the known macroscopic boundary conditions. There are lot's of boundary conditions, such as Heuristic scheme, extrapolation scheme, Surface boundary shceme and Pressure boundary. In this paper we used the non-equilibrium extrapolation scheme, the basic thought is:
Divide the distribution function on the boundary nodes into two part: equilibrium and none equilibrium distribution function, in which the equilibrium distribution function was defined according to the boundary conditions, and the none equilibrium distribution function was determined according to the non-equilibrium extrapolation.
The non-equilibrium extrapolation scheme divides the particle distribution functions on the boundary into two classes: equilibrium and non-equilibrium. The non-equilibrium extrapolation scheme has high accuracy and feasibility. Therefore, the range of the scheme is wider than that of other boundary conditions, and the calculation is simple and easy to implement [8] .
Fig.2. Boundary points distribution function
As shown in Fig.2 ., after the completion of fluid particle migration in t time, distribution function 2 f 、 5 f and 6 f on boundary lattice b
x is unknown, in order to determine the distribution function on the boundary, it is divided into two parts of equilibrium and non -equilibrium state, i.e.:
Where
f is non-equilibrium parts. For the velocity boundary, the velocity w u at node b x is known, while the density w  is unknown.
In the nonequilibrium extrapolation scheme, the modified equilibrium distribution function F number is:
x and b x are adjacent fluid lattices, where the density replaces the wall density, and the nonequilibrium distribution function is:
Then the nonequilibrium extrapolation scheme can be written as:
In this paper, the convergence criterion was:
Results and analysis
Method validation
To test the reliability of the model and the method, LBM was used to simulate natural convection in a two-dimensional square cavity partially filled with a porous medium. The vertical surfaces of the cavity were held at constant high or low temperatures. The horizontal walls were adiabatic and impermeable. To evaluate the calculation results, the average Nusselt numbers on the hot wall were compared with existing literature data and LBM findings, and the results are tabulated in Tab.2. and Fig.3 . Good quantitative agreement between results was obtained. 
Effects of different Rayleigh numbers on the nanofluids in porous media
To study the effect of different Rayleigh numbers on nanofluids in cavities partially filled with porous media, Al2O3-water and Al2O3-ethylene glycol, Cu-water and Cu-ethylene glycol, and SiO2-water and SiO2-ethylene glycol nanofluids were chosen as study materials. The concentration of all of the solutions was 3%; other parameters were set as follows: D = 0.1, ε = 0.6, Da = 10 −2 , J = 1. When the nanoparticles are the same, the average Nusselt numbers of two base fluids in the corresponding nanofluid groups increase with increasing Rayleigh number. A critical Rayleigh number (Rac) was also found for each type of nanofluid. When Ra < Rac, the average Nusselt numbers of ethylene glycol are higher than those of water. It means that, at low Rayleigh number, the heat transfer effect of ethylene glycol as a base fluid is better than that of water. When Ra > Rac, water is better than ethylene glycol. This finding is attributed to the fact that, at low Ra, heat transmission in the porous medium cavity is mainly due to the heat conduction of the skeleton and nanofluids. As the thermal diffusion coefficient of ethylene glycol is high, its effect is better than that of water. At high Ra, natural convection is dominant and the viscosity of water is low; thus, the buoyant force received by the nanoparticles is more than that received by ethylene glycol. Movement becomes more vigorous, and fluid disturbance is more intense; thus the heat exchange effect of water is better than that of ethylene glycol. 
Effects of different nanoparticle concentrations on the nanofluids
To study the effect of the concentration of the same nanoparticle with different Rayleigh numbers, 3% Al2O3-water was chosen as a study material; other computational parameters were set as follows: D = 0.1, ε = 0.6, Da = 10 −2 , J = 1. Ra ) was also found; the effect of heat exchange on the same nanofluid in the cavity is limited by Ra. When Ra <
